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A D E N O S I N E T R I P H O S P H A T A S E A C T I V I T Y IN 
B O V I N E V A S C U L A R W A L L 
M. Trosheva 
Department of Anatomy, Histology and Embryology* Medical University, Varna 
Histochemical investigation of both myosin and поп-myosin ATP-ases in 
bovine aorta, femoral artery and vein, vena cava caudalis and vena portae was 
carried out. The localization of these enzymes was determined by the structural 
peculiarities of the vascular wall and especially by the distribution of smooth 
muscle cells (SMC1), the endotelium and vasa vasorum. In the outer part of 
aortic tunica media bundles of SMC and elastic lamellae were mozaically 
distributed. This fact determined the mozaic localization of enzymic activity in 
this layer. The reaction intensity in these SMC' was higher than that in the inner 
media SMC1 and the intima as well the latter being similar in femoral artery 
SMC \ There was a stronger reaction intensity in longitudinal adventitial SMC1 
than that in the circular media layer when vena cava caudalis and vena portae 
were concerned. The intensity of ATP-ase reaction in SMC1 was proportional to 
the functional activity of these cells in the corresponding vascular wall layer. 
Key-words: Myosin ATP-ase. non-myosin ATP-ase. smooth muscle cells, 
vascular wall, histochemistry, cows 
INTRODUCTION 
ATP-ases are a common name of 
enzymes which are potential sources of 
histochemically evaluated ATP-activity. In 
the vascular wall smooth muscle cells 
(SMC) they take part in maintaining the 
energetic potentials for transport processes, 
contraction, regulation of reactivity, as well 
as in ionic turnover and osmotic cellular 
homeostasis (2 - 6, 8, 15). All these 
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processes reflect the functional activity, 
vascular tone and cellular plasticity (1). 
Investigation of enzymes in the 
vascular wall is predominantly performed 
by histochemical methods. However, this 
technique does not demonstrate enzymic 
sources, i. e. they are evaluated* on Various 
membrane-bound structures. That was why 
we undertook a histochemical evaluation of 
myosin and non-myosin ATP-ases in 
bovine vascular wall. The aim of the 
present study was to follow-up ATP-ase 
intensity in the vascular wall of an animal 
with larger mass and its relative 
contribution to the functional activity of 
different vessels. 
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M A T E R I A L AND METHODS 
Histological examination was carried 
out on cryostat sections of thoracic aorta 
(distal segment), femoral artery and vein, 
vena cava caudalis, and portal vein of a 
domestic cow. Material was taken from 
fresh cadavers of 6 mature animals 
immediately after sacrifice. Myosin ATP-
ase was estimated by the calcium-cobalt 
method of Padycula and Herman (1955) at 
pH 9,2 while non-myosin ATP-ase - by the 
method of Wachstein-Meisel (1957) at pH 
7,2. Both methods were applied after the 
modification of Lojda et al. (9). Reaction 
specificity was controlled by: a) incubation 
with a substrate for elimination of the font 
reaction; b) thermal inactivation at X()°C to 
exclude nonenzymatic ATP hydrolysis; c) 
incubation with L-cysteine for elimination 
of alkaline phosphatase, and d) usage of 2-
glycerophosphate as a substrate to avoid 
involvement of non-specific esterases. 
Intensity of enzymatic reactions was read 
after a semiquantitative method as low (+), 
average (++), and strong (+++). Structural 
evaluation was performed by stainings with 
hematoxylin-eosin, orcein, azan, and van 
Gieson. 
RESULTS 
Myosin and non-myosin ATP-ase 
activity is detected in the endothelial and 
SMC of the vascular wall as well as in 
vasa vasorum. Because of the fact that 
SMC are the predominant cellular 
components in the vascular wall, their 
distribution and relative volume in its 
different layers factually determines the 
Fig. 1. Aorta. Myosin-ATP-ase reaction 
a) tunica media and internal part of tunica 
media 
h) external part of tunica media 
Magn. x 40 
localization of vascular enzymes. By that 
reason the evaluation of results is done 
parallelly with that of vascular structure. 
The bovine aorta has a relatively tick 
wall (of about 5500 ц т ) . Single 
longitudinal SMC in this layer which is 
1050 цш thick possess a weak activity (+) 
to both ATP-ases. The media (4400 |im 
tick) is clearly divided in two structural 
parts: an inner part with parallel elastic 
lamellae and circular SMC among them, 
and an outer part larger in size and with a 
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Fig. 2. Femoral artery. Myosin ATP-ase 
reaction. Magn. x 100 
tick elastic skeleton among which SMC are 
organized in tick bundles mozaically 
situated amidst the elastic components. All 
media SMC are positive to both enzymes. 
In the circular layer of the inner media 
there is a weaker reaction (++) (Fig. la) 
while in the mozaically arranged SMC 
bundles in the media there is a much 
stronger reaction intensity (+++) (Fig. lc). 
The middle layer of the femoral artery 
possesses circularly arranged SMC and 
elastic fibres. The enzyme activity is 
located in all SMC, however, the intensity 
of the reaction product is not very strong 
and resembles that of the SMC of the inner 
aortic media (++) (Fig. 2). The enzyme 
reaction in the vasa vasorum is very strong 
(+++). 
Myosin and non-myosin ATP-ase 
reaction in the vena cava caudalis and vena 
portae is very strong (+++) in the tick 
longitudinal SMC fibres of the external 
layer. These veins have predominantly 
longitudinal SMC in the adventitia (with 
average dimensions of 3780 \im in the 
thicker part for the vena cava caudalis). 
Enzymatic reactions are of high intensity 
(+++) as compared to these of the circular 
SMC in the thinner media (+). Vasa 
Fig. 3a. Portal vein. Non-myosin ATP-ase 
reaction. Magn. x 40 
Fig. 3hc. Vena cava caudalis. Non-myosin 
ATP-ase reaction. Magn. x 100 
vasorum show also a strong intensity (+++) 
(Fig. 3abc). 
Circular SMC are mainly presented in 
the media of the femoral vein. The 
reactions to the both ATP-ases in these 
cells are positive and of a comparatively 
strong intensity (++) (Fig. 4). The 
adventitia consists mainly of elastic fibres 
and single SMC bundles. The latter along 
with those in the vasa vasorum demonstrate 
a relatively strong enzymatic reaction (++). 
DISCUSSION 
These results indicate a diverse 
intensity of the enzymes studied when 
different compartments of the SMC 
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Fig. 4. Femoral vein (inner part of the wall). 
Myosin ATP-ase reaction. Magn. x 100 
component of the bovine vascular wall are 
concerned. Thus they confirm our previous 
conclusions that analysis of ATP-ase 
localization in the vascular wall must be 
accompanied by examination of the 
structure of the vessel as a whole as well as 
by studying the distribution, number and 
compactness of SMC in different vascular 
wall layers (10- 13). 
There exists a direct relationship 
between functional loading of the SM layer 
and the intensity of myosin and non-myosin 
ATP-ase reaction. In the venous wall this 
intensity is higher in the basic muscular 
layers - the longitudinal layer and the 
adventitia of vena cava caudalis and vena 
portae as well as in the circular layer of 
tunica media of the femoral vein being 
functionally more loaded. The mozais 
SMC bundles m the media of the bovine 
aorta show a higher reaction intensity as 
compared with that in the inner media. This 
could be considered a possible proof of 
functional activity in a sense of loading and 
vascular resistance. Contrastingly, in 
smaller vertebrates (such as cat and rabbit) 
no differences of this kind could be 
encountered (10. 11, 13). 
Coupling of various structure elements 
in the vascular wall possibly influences 
upon the intensity of the ATP-ase reaction. 
ATP-ases in the media of the femoral vein 
possess an almost equal intensity as 
compared to these of the inner media of the 
aorta - in both cases SMC are situated 
among equal volumes and similar elastic 
elements. The model of muscle contraction 
is based on the structural, mechanical and 
detailed biochemical parameters through 
which the mechanism of energetic 
transduction is clarified (7). The discussion 
of the contractile features of the vascular 
wall and its SMC, respectively, needs a 
careful evaluation of its structure, 
distribution, and biochemical data as well 
as of their interrelationship with other 
elements of the vascular wall. In relation to 
the functional characterization of the 
vascular SM layer, differences in the 
intensity of ATP-ase reactions concern 
mainly the different ability of intensive 
utilization and resynthesis of high energy 
phosphates rather than their quantity (3, 
14, 15). Therefore, varying enzyme activity 
in different compartments of the vascular 
muscle layers revealed in this investigation 
should be interpreted with caution, too, 
with a view to their relative contribution to 
the functional loading of the vascular wall. 
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Adenosintriphosphataseaktivitat der Gefafiwand des Rindes 
M. Troschewa 
Lehrstuhl fur Anatomic, Histologic und Embryologie, Medizinische Universitat 
Varna 
Zusammenfassung: Die Aktivitat der ATP-ase der Aorta. A. Femoralis, V. 
Portae, V. Cava Caudalis und V. Femoralis des Rindes wird histochemisch auf 
Kryostatschnitten untersucht. Festgestellt wird, daB das Enzymmuster von den 
strukturellen Besonderheiten der GefaBwande, bzw. von der Anwesenheit und der 
Verteilung der Endothel- und glatten Muskelzellen, sowie audi der Vasa vasorum 
abhangt. In der auBeren Media der Aorta liegen die Muskelbundeln zwischen den 
groben elastischen Platten mosaikartig nebeneinander. DemeT tsprechend sind die 
Enzymaktivitaten ungleichmaBig verteilt. Zu bemerken sind die hoheren 
Enzymaktivitaten in der auBeren Medimuskulatur im Vergleich zu denen der 
inneren Media. Die Intima reagiert auch schwacher. Ahnlich sehen die 
Enzymaktivitaten der Femoralarterie aus. Bei den untersucht(;n Venen weisen die 
adventitiellen longitiidinalen Muskelbundeln eine starkere Reaktion auf, 
verglichen mit dieser der zirkularen Mediamuskulatur. Offensichtlich entspricht 
die Intensitat der Myozytenreaktion den ftinktionellen Anforderungen 
unterschiedlicher GefaBwandschichten. 
Activite adenosine triphosphatique dans la paroi vasculaire bovine 
M. Trocheva 
Chaire d'anatomic, histologic et d'emhryologie, Universite de medecine a Varna 
Resume: Une recherche histochimique de ГАТР-ase myosinique et non-
myosinique a ete effectuee aux coupes cryostatiques de l'aorte, artere et veine 
femorales, veine porte, veine cave caudale bovines. La localisation de ces 
enzymes est determinee par les particularites structuraks de la paroi arterielle et 
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veineuse, specialement par la presence et la distribution des cellules musculaires 
lisses (CML), cellules endotheliales. aussi bien que vasa vasorum. Dans la partie 
externe de la media de l'aorte les faisceaux des CML et les lames elastiques sont 
situes specifiquement et mosaiquement. Cela determine la localisation mosaique 
des activites enzymatiques dans cette partie de la media ou \es reactions sont plus 
intensives que dans les CML de la partie interne de la media et celles de l'intima. 
L'intensite des reactions des CML de l'artere femorale est pareille. Dans les 
faisceaux longitudinaux de l'adventice de la veine cave caudale et de la veine 
porte les reactions sont plus fortement positives que dans les CML circulaires de 
la media. L'intensite des ATP-ases dans les CML est proportionnelle a l'activite 
fonctionnelle de ces cellules dans la couche vasculaire correspondante. 
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